(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 667 959 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
13.08.2003 Bulletin 2003/33 

(21) Application number: 93921300.5 

(22) Date of filing: 01.09.1993 



(51) intci7: G01N 33/53, C12N 15/00, 
G01N 33/50, G01N 33/68 

(86) International application number: 
PCT/US93/08264 

(87) International publication number: 

WO 94/010569 (11.05.1994 Gazette 1994/11) 



(54) Methods for identifying inhibitors of the production of beta-amyloid peptide 

Verfahren zur Identifizierung von Hemmstoffe der Produktion des beta-Amyloidpeptids 
Precedes d'identification des inhibiteurs de la production du peptide beta-amyloide 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IE IT LI LU MC NL 
PTSE 

(30) Priority: 26.10.1992 US 965972 

(43) Date of publication of application: 
23.08.1995 Bulletin 1995/34 

(60) Divisional application: 
02079139.8/1 298 436 

(73) Proprietors: 

• ELAN PHARMACEUTICALS, INC. 
South San Francisco, CA 94080 (US) 

• THE BRIGHAM AND WOMEN'S HOSPITAL, INC. 
Boston, IVIA 021 15 (US) 

• ELI LILLY AND COMPANY 
Indianapolis, Indiana 46285 (US) 

(72) Inventors: 

• Schenk, Dale B. 
Burlingame CA 94010 (US) 

• Schlossmacher, Michael G. 
1190 WIen (AT) 

• Selkoe, Dennis J. 

Jamaica Plain, MA 02130 (US) 

• Seubert, Peter A. 

South San Francisco, CA 94080 (US) 

• Vigo-Pelfrey, Carmen 
Mountain View, CA 94040 (US) 



QQ 
O) 

<J) 

CO 
CD 

o 

LU 



(74) Representative: Bizley, Richard Edward et al 
Hepworth, Lawrence, Bryer & Bizley 
Merlin House 
Falconry Court 
Baker's Lane 

Epping Essex CM16 5DQ (GB) 



(56) References cited: 
WO-A-91/19810 
US-A- 5 221 607 



WO-A-92/00521 



CHEMICAL ABSTRACTS, vol. 117, no. 21, 23 
November 1992 Columbus, Ohio, US; abstract 
no. 209504, XP002061661 & C. HAASS ET AL.: 
"AMYLOID BETA-PEPTIDE IS PRODUCED BY 
CULTURED CELLS DURING NORMAL 
METABOLISM" NATURE, vol. 359, no. 6393, 24 
September 1992, LONDON UK, pages 322-325, 
CHEMICAL ABSTRACTS, vol. 117, no. 21, 23 
November 1992 Columbus, Ohio, US; abstract 
no. 21 0109, XP002061662 & P. SEUBERT ET AL.: 
"ISOLATION AND QUANTIFICATION OF 
SOLUBLE ALZHEIMER'S BETA-PEPTIDE FROM 
BIOLOGICAL FLUIDS" NATURE, vol. 359, no. 
6393, 24 September 1992, LONDON UK, pages 
325-327, 

Nature, Volume 361, issued 21 January 1993, 
SEUBERT et al., "Secretion of Beta-Amyloid 
Precursor Protein Cleaved at the Amino 
Terminus of the Beta-Amyloid Peptide", pages 
260-263. 

Science, Volume 248, issued 01 June 1990, 
ESCH et al., "Cleavage of Amyloid Beta Peptide 
During Constitutive Processing of the 
Precursor", pages 1122-1124. 



Note: Witliin nine nnontlis fronn tine publication of tine nnention of tine grant of the European patent, any person nnay give 
notice to tine European Patent Office of opposition to tine European patent granted. Notice of opposition sliail be filed in 
a written reasoned statennent. It shall not be deemed to have been fiied until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



(Cont. next page) 



EP 0 667 959 B1 



• Nature, Volume 360, issued 17 December 1992, • Neuroscience Letters, Volume 128, issued 1991, 

CITRON et al., "Mutation of the Beta-Amyloid ANDERSON et ai., "Exact Cleavage Site of 

Precursor Protein in Familial Alzheimer's Alzheimer Amyloid Precursor in Neuronal PC-12 

Disease Increases Beta-Protein Production", Cells", pages 126-128. 
pages 672-674. 



2 



EP 0 667 959 B1 



Description 

[0001] The present invention relates generally to methods and connpositions for detecting soluble p-amyloid peptide 
(pAP) in fluid sannples. More particularly, the present invention relates to screening nnethods for the identification of 
5 inhibitors of pAP production where pAP is detected in vitro or in vivo and to diagnostic nnethods where pAP is detected 
in patient sannples. 

[0002] Alzheinner's Disease (AD) is a degenerative brain disorder characterized clinically by progressive loss of nnenn- 
ory, cognition, reasoning, judgnnent and ennotional stability that gradually leads to profound nnental deterioration and 
ultinnately death. AD is a very common cause of progressive mental failure (dementia) in aged humans and is believed 

10 to represent the fourth most common medical cause of death in the United States. AD has been observed in races 
and ethnic groups worldwide and presents a major present and future public health problem. The disease is currently 
estimated to affect about two to three million individuals in the United States alone. AD is at present incurable. No 
treatment that effectively prevents AD or reverses its symptoms and course is currently known. 
[0003] The brains of individuals with AD exhibit characteristic lesions termed senile (or amyloid) plaques, amyloid 

15 angiopathy (amyloid deposits in blood vessels) and neurofibrillary tangles. Large numbers of these lesions, particularly 
amyloid plaques and neurofibrillary tangles, are generally found in several areas of the human brain important for 
memory and cognitive function in patients with AD. Smaller numbers of these lesions in a more restricted anatomical 
distribution are also found in the brains of most aged humans who do not have clinical AD. Amyloid plaques and amyloid 
angiopathy also characterize the brains of individuals with Trisomy 21 (Down's Syndrome) and Hereditary Cerebral 

20 Hemorrhage with Amyloidosis of the Dutch-Type (HCHWA-D). At present, a definitive diagnosis of AD usually requires 
observing the aforementioned lesions in the brain tissue of patients who have died with the disease or, rarely, in small 
biopsied samples of brain tissue taken during an invasive neurosurgical procedure. 

[0004] The principal chemical constituent of the amyloid plaques and vascular amyloid deposits (amyloid angiopathy) 
characteristic of AD and the other disorders mentioned above is an approximately 4.2 kilodalton (kD) protein of about 

25 39-43 amino acids designated the p-amyloid peptide (pAP) or sometimes Ap, ApP or p/A4. pAP was first purified and 
a partial amino acid sequence reported in Glenner and Wong (1984) Biochem. Biophys. Res. Commun. 120:885-890. 
The isolation procedure and the sequence data for the first 28 amino acids are described in U.S. Patent No. 4,666,829. 
[0005] Molecular biological and protein chemical analyses conducted during the last six years have shown that pAP 
is a small fragment of a much larger precursor protein, referred to as the p-amyloid precursor protein (APP), that is 

30 normally produced by cells in many tissues of various animals, including humans. Knowledge of the structure of the 
gene encoding APP has demonstrated that pAP arises as a peptide fragment that is cleaved from APP by as-yet- 
unknown enzymes (proteases). The precise biochemical mechanism by which the pAP fragment is cleaved from APP 
and subsequently deposited as amyloid plaques in the cerebral tissue and in the walls of cerebral and meningeal blood 
vessels is currently unknown. 

35 [0006] Several lines of evidence indicate that progressive cerebral deposition of pAP plays a seminal role in the 
pathogenesis of AD and can precede cognitive symptoms by years or decades (for review, see Selkoe (1991) Neuron 
6:487). The single most important line of evidence is the discovery in 1991 that missense DNA mutations at amino 
acid 717 of the 770-amino acid isoform of APP can be found in affected members but not unaffected members of 
several families with a genetically determined (familial) form of AD (Goate et al. (1991) Nature 349:704-706; Chartier 

40 Harlan etal. (1991) Nature 353:844-846; and Murreil etal. (1 991) Science 254:97-99) and is referred to as the Swedish 
variant. A double mutation changing lysine^^^-methionine^^® to asparagine^^^-leucine^^® (with reference to the 695 
isoform) found in a Swedish family was reported in 1992 (Mullan etal. (1992) Nature Genet 1 :345-347). Genetic linkage 
analyses have demonstrated that these mutations, as well as certain other mutations in the APP gene, are the specific 
molecular cause of AD in the affected members of such families. In addition, a mutation at amino acid 693 of the 

45 770-amino acid isoform of APP has been identified as the cause of the pAP deposition disease, HCHWA-D, and a 
change from alanine to glycine at amino acid 692 appears to cause a phenotype that resembles AD in some patients 
but HCHWA-D in others. The discovery of these and other mutations in APP in genetically based cases of AD proves 
that alteration of APP and subsequent deposition of its pAP fragment can cause AD. 

[0007] Esch eta/ (1990) Science 248 : 1122-1124 reports a study focused on the link between aberrant APP process- 
50 ing and amyloid deposition. Specifically, inappropriate APP cleavage, either extracellularly or intracellularly, at the NH2- 
terminus of pAP is thought to represent a key pathogenic event. 

[0008] Despite the progress which has been made in understanding the underlying mechanisms of AD and other 
pAP-related diseases, there remains a need to develop methods and compositions for diagnosis and treatment of the 
disease(s). Treatment methods could advantageously be based on drugs which are capable of inhibiting the generation 
55 of pAP in vivo. To identify such drugs, it would be desirable to provide screening assays for potential drugs which can 
inhibit pAP generation in in vivo and in vitro models. It would be further desirable to provide methods and compositions 
for diagnosis of pAP-related conditions, where the diagnosis is based on detection of pAP in patient fluid samples. 
Specific assays for pAP detection should be capable of detecting pAP in fluid samples at very low concentrations as 
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well as distinguishing between pAP and other fragments of APP which may be present in the sample. 
[0009] Glenner and Wong (1984) Biochem. Biophys. Res. Commun. 120:885-890 and U.S. Patent No. 4,666,829, 
are discussed above. The '829 patent suggests the use of an antibody to the 28 amino acid (3AP fragment to detect 
"Alzheimer's Amyloid Polypeptide" in a patient sample and diagnose AD. No data demonstrating detection or diagnosis 
5 are presented. 

[0010] Haass ef a/(1992) Nature 359: 322-325 reports that the production of soluble amyloid p peptide (|3AP) and 
a truncated form of (3AP (approximately 3 Kd) have been detected cell culture media under normal conditions. 
[0011] Numerous biochemical electron microscopic and immunochemical studies have reported that pAP is highly 
insoluble in physiologic solutions at normal pH. See, for example, Glenner and Wong (1984) Biochem. Biophys. Res. 

10 Commun. 122:1131-1135; Masters et al. (1985) Proc. Natl. Acad. Sci. USA 82:4245-4249; Selkoe et al. (1986) J. 
Neurochem. 46:1820-1834; Joachim et al. (1988) Brain Research 474:100-111; Hilbich et al. (1991) J. Mol. Biol. 218: 
149-163; Barrow and Zagorski (1991) Science 253:179-182; and Burdick et al. (1992) J. Biol. Chem. 267:546-554. 
Furthermore, this insolubility was predicted by and is consistent with the amino acid sequence of pAP which includes 
a stretch of hydrophobic amino acids that constitutes part of the region that anchors the parent protein (APP) in the 

15 lipid membranes of cells. Hydrophobic, lipid-anchoring proteins such as pAP are predicted to remain associated with 
cellular membranes or membrane fragments and thus not be present in physiologic extracellular fluids. The aforemen- 
tioned studies and many others have reported the insolubility in physiologic solution of native PAP purified from AD 
brain amyloid deposits or of synthetic peptides containing the pAP sequence. The extraction of pAP from cerebral 
amyloid deposits and its subsequent solubilization has required the use of strong, non-physiologic solvents and de- 

20 naturants. Physiologic, buffered salt solutions that mimic the extracellular fluids of human tissues have uniformly failed 
to solubilize pAP. 

[0012] Separate attempts to detect APP or fragments thereof in plasma or CSF have also been undertaken. A large 
secreted fragment of APP that does not contain the intact pAP region has been found in human cerebrospinal fluid 
(Palmertetal. (1989) Proc. Natl. Acad. Sci. USA 86:6338-6342; Weidemann etal. (1989) Cell 57:1 1 5-126; Henriksson 
25 etal. (1991) J. Neurochem. 56:1037-1042; and Palmertetal. (1990) Neurology 40:1028-1034); and plasma (Podlisny 
et al. (1990) Biochem. Biophys. Res. Commun. 167:1094-1101). The detection of fragments of the carboxy-terminal 
portion of APP in plasma has also been reported (Rumble et al. (1989) N. Engl. J. Med 320:1446-1452) as has the 
failure to detect such fragments (Schlossmacher et al. (1992) Neurobiol. Aging 13:421-434). 

[0013] Despite the apparent insolubility of native and synthetic pAP, it has been speculated that pAP could occur in 

30 body fluids, such as cerebrospinal fluid (CSF) or plasma (Wong etal. (1985) Proc. Natl. Acad. Sci. USA 92:8729-8732; 
Selkoe (1986) Neurobiol. Aging 7:425-432; Pardridge et al. (1987) Biochem. Biophys. Res. Commun. 145:241-248; 
Joachim et al. (1989) Nature 341:226-230; Selkoe et al. (1989) Neurobiol. Aging 10:387-395). 
[0014] Several attempts to measure pAP in CSFand plasma have been reported by both radioimmunoassay methods 
(Pardridge et al. (1987) Biochem. Biophys. Res. Commun., supra, and WO90/12870 published November 1, 1990) 

35 and sandwich ELISAs (Wisniewski in Alzheimer's Disease, eds. Becker and Giacobini, Taylor and Francas, N.Y. pg. 
206, 1990; Kim and Wisniewski in Tecliniques in Diagnostic Patliology, eds. Bullock et al.. Academic Press, Boston 
pg. 1 06; and WO90/1 2871 published November 1 , 1 990). While these reports detected very low levels of pAP immu- 
noreactivity in bodily fluids, attempts to directly purify and characterize this immunoreactivity further and determine 
whether it represented pAP were not pursued, and the efforts were abandoned. The possibility of pAP production by 

40 cultured cells was neither considered nor demonstrated. Retrospectively, the inability to readily detect pAP in bodily 
fluids was likely due to the presence of amyloid precursor fragments with overlapping regions or fragments of pAP that 
obscured measurements and to the lack of antibodies completely specific for intact pAP. In fact, the previous findings 
by both Pardridge et al. and Kim et al. reported levels of pAP four-to-fivefold lower than that shown in the present 
invention. This is presumably because the antibodies used by both groups would crossreact with other APP fragments 

45 containing part of pAP known to be present in CSF thereby interfering with the measurement, if any, of intact pAP. The 
present invention overcomes these difficulties with the use of monoclonal antibodies specific to an epitope in the central 
junction region of intact pAP. 

[0015] Seubert ef a/(1992) Nature 359: 325-327 discloses a sandwich type enzyme linked immunosorbent assay to 
detect pAP in biolgocial fluids based on the use of monoclonal antibodies raised against the fragment comprising amino 
50 acids 13-28. 

[0016] WO 92/00521 discloses a method for monitoring the response of a patient with AD involving measurement 
of the ~25 kD and the ~125 kD soluble derivatives of the beta amyloid protein precursor (PAPP) in a sample of cere- 
brospinal fluid. 

[0017] EP 444,856 provides a means of diagnosing Alzheimer's disease using a sandwich immunoassay to "Alzhe- 
55 imer's Disease Associated Protein" (ADAP). ADAP is defined as a material reactive with the monoclonal antibody 
termed Alz50, originally described by Wolozin et al. (1 986) Science 232:648-650. Alz50 has more recently been shown 
to react specifically with phosphorylated forms of tau (Ksiezak-Reder et al. (1988) J. Biol. Chem. 263:7943-7947; Ueda 
et al. (1990) J. Neuroscience 10:3295-3304; Lee et al. (1991) Science 251 :675-678). Hence, ADAPs represent phos- 
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phorylated forms of tau and are unrelated to the amyloid precursor protein of pAP described in this invention. 
[0018] WO 91/19810 discloses the use of transgenic animals expressing wiid type APP for screening for drugs and 
contemplates that the desired endpoints of such an assay should be the ability of a drug to reduce the amount of 
plaques formed within the brain of an animal. 

5 [0019] The present invention provides an in vitro method for identifying p-amyloid peptide (pAP)production inhibitors 
said method comprising culturing mammaiian celis in a cuiture medium under conditions which result in production of 
a solubie pAP peptide which can be detected in the culture medium, wherein the cuitured mammalian cells are from 
a cell line comprising DNA encoding an amyloid precursor protein (APP) isotype or variant which provides overpro- 
duction of pAP in the cultured mammalian celis; exposing the cultured cells to a test compound; and determining 

10 whether the test compound affects the amount of soluble PAP peptide present in the culture medium. 

[0020] The effect of the test compound is determined by comparing the accumuiation of pAP in the culture medium 
over a time period in the absence of the test compound with the accumulation of pAP in the culture medium in the 
presence of the test compound over the same time period. 

[0021] The invention also provides an in vitro method for assaying a test compound for the ability to inhibit p-amyloid 
15 peptide (pAP) production by ceils, said method comprising culturing a first population of mammalian ceils in a culture 
medium under conditions which result in generation of a soluble pAP peptide which can be detected in the culture 
medium, wherein the cultured mammalian celis are from a ceil iine comprising DNA encoding an amyioid precursor 
protein (APP) isotype or variant which provides overproduction of pAP in the cultured mammaiian cells; culturing a 
second population of the same mammalian cells in a second culture medium under identicai conditions to the first 
20 population, except that the test compound is present in the second culture medium; measuring the amounts of soluble 
pAP present in the culture media of the first population and the second population of cells; and comparing the measured 
amounts of pAP to determine whether the test compound has had an effect on soluble pAP peptide generation by the 
cultured celis. 

[0022] In preferred embodiments of the invention the cultured cells are from a human ceil line. 

25 [0023] The test compound may be present at a concentration in the range 1 nM to 1 mM. 

[0024] The invention further provides an in vitro method for identifying p-amyioid (pAP) production inhibitors, said 
method comprising administering a test compound to a mammaiian transgenic host comprising DNA encoding an 
amyloid precursor protein (APP) isotype or variant which provides overproduction of pAP in cultured mammalian cells 
comprising said DNA; and determining whether the test compound affects the amount of a soluble pAP peptide present 

30 in a body fluid. 

[0025] The effect of the test compound preferably determined by measuring a baseline amount of soiuble pAP peptide 
in a body fluid prior to administering the test compound and remeasuring the amount of soluble pAP in the body fluid 
after said administering. 

[0026] In preferred embodiments of the invention the mammalian transgenic host is selected from the group con- 
35 sisting of monkeys, dogs, rabbits, guinea pigs, rats and mice. 

[0027] The mammalian transgenic host is preferably a transgenic host having enhanced susceptibility to pAP plaque 
deposition compared to a mammal of the same species not comprising said DNA. 

[0028] The body fluid is preferably selected from the group consisting of blood, CSF, urine and peritoneal fluid. 
[0029] The test compound is preferably administered oraliy, topically, intramuscularly, intravenously, subcutaneously 
40 intraventricularly, or intraperitoneally to the transgenic host. 

[0030] In preferred embodiments of all aspects of the invention the soluble pAP peptide is intact pAP or an approx- 
imately 3 kD fragment of pAP, more preferably the pAP fragments consist of amino acid residues 11-40 or 1 7-40 of pAP. 
[0031] The DNA may encode an APP having one or several amino acid substitutions directly amino-terminal of the 
pAP cleavage site. 

45 [0032] The DNA preferably encodes an APP comprising leucine as the residue immediately amino N-terminal to pAP 
cleavage site. 

[0033] The DNA more preferably encodes an APP comprising the Swedish mutation (a double mutation 
Lys595^Asn595 and Met596^Leu596) 

[0034] WO 91/1 981 0 discloses the use of transgenic animals expressing wild type APP for screening for drugs and 
50 contemplates that the desired endpoints of such an assay should be the ability of a drug to reduce the amount of 
plaques formed within the brain of an animal. 

[0035] The present invention therefore provides methods useful for the identification of p-amyloid peptide (PAP) 
production inhibitors as well as for the diagnosis and monitoring of pAP-related conditions in patients, where the meth- 
ods and compositions rely on the specific detection of soluble pAP and/or pAP fragments in fluid samples. For the 
55 identification of pAP production inhibitors, a test compound is introduced to an in vitro or in wVopAP generation model, 
and the effect of the test compound on the amount of soluble pAP orpAP fragment generated by the model is observed. 
The in vitro model are cell lines which express APP variants which overproduce pAP. Test substances which affect the 
production of pAP and/or pAP fragments, usually by reducing the amount produced, are considered to be likely can- 
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didates for further testing for use as therapeutic drugs in the treatment of pAP-related conditions, particularly Alzhe- 
imer's Disease. For the diagnosis and monitoring of pAP-related conditions, the amount of soluble pAP and/or pAP 
fragments in a patient sampie, such as blood, cerebrospinai fluid (CSF), urine, or peritoneal fluid, is measured and 
compared with a predetermined control vaiue, such as a normal value (in the case of diagnosis) or a prior patient value 
(in the case of monitoring). 

[0036] In a particular aspect, the present invention provides specific binding assays which are useful for the meas- 
urement of pAP concentrations in fluid samples and which may be employed in drug screening and patient diagnostic 
and monitoring methods. The specific binding assay of the present invention is capable of detecting solubie pAP at 
the very low concentrations which are characteristic of the patient fluids and conditioned culture media, typically being 
capable of measuring threshold concentrations in the range from about 1 ng/ml to 10 ng/mL or lower. 
[0037] Specific binding assays employ at least one binding substance specific for an epitope or determinant site on 
the pAP moiecule, which site is generally not found on other fragments or degradation products of the p-amyloid pre- 
cursorprotein (APP). Particularly useful are antibodies which recognize ajunction region within pAP, where thejunction 
region is located about the site of normal proteolytic cleavage of APP between residues Lys""^ and Leu"''' (Esch et al. 
(1 990) science 248:492-495 and Anderson et al. (1991) Neuro. Science Lett. 128:126-128), typicaliy spanning amino 
acid residues 13 and 28. Exemplary specific binding assays include two-site (sandwich) assays in which the capture 
antibody is specific for the junction region of pAP, as just described, and a labeled second antibody is specific for an 
epitope other than the epitope recognized by the capture antibody. Particularly useful are second antibodies which 
bind to the amino-terminal end of pAP, typically recognizing an epitope within amino acid residues 1-1 6. 
[0038] Preferred embodiments of the invention will be described in detail and by reference to the accompanying 
drawings in which: 

Fig. 1 is a graph iilustrating the detection of three synthetic pAP peptides using an ELISA assay format with mon- 
oclonal antibody 266 as the capture antibody and monoclonal antibody 10D5 as the reporter antibody. Antibody 
266 was prepared against a synthetic peptide including amino acid residues 13-28 of PAP. Antibody 10D5 was 
raised against a synthetic peptide including amino acid residues 1-28 of pAP. 

Figs. 2A and 2B are charts comparing the plasma and CSF concentrations of pAP in normai control and AD patients. 
Fig. 3 is a chart comparing the CSF concentration of pAP in normai controls (C), Alzheimer's Disease patients 
(AD), cerebrai vascuiar accident (CVA) patients (stroke), and Parkinson's Disease (PD) patients. 
Fig. 4 is a Western blot of affinity-purified conditioned mediafrom a cell line which overexpresses APP. The affinity- 
purified material from the conditioned media of human mixed-brain cell cultures which had been further purified 
by reversed-phase chromatography. 

Fig. 5 is an autoradiogram demonstrating the presence of soluble pAP in the culture fluid of human kidney 293 
cells. The pAP was immunoprecipitated from the culture fluid with a pAP-specific antibody to residues 1 -40 of pAP. 
Fig. 6 is an autoradiogram demonstrating that pAP in the media of human kidney 293 cells is fully soluble and that 
it remains in the post-1 O^xg supernatant and is not found in the post-1 O^xg pellet after ultracentrifugation. 
Fig. 7 shows the quantitation of pAP (left panel) and the secreted p-amyloid precursor protein (APPs) (right panel) 
in conditioned media in transiently transfected 293 cells using two distinct sandwich ELISAs. Each column repre- 
sents the mean of four transfection experiments with normal or variant APP constructs with the exception of the 
mock column, which is based on three transfection experiments. 

Fig. 8 is an auroradiogram demonstrating the levels of soluble pAP in the culture fluid of human kidney 293 cells 
transfected with normal or variant APPggg constructs. 

[0039] Detectable amounts of soluble p-amyloid peptide (pAP) and pAP fragments have been discovered to be gen- 
erated continuously at low concentrations by a wide variety of mammalian cells. In particular, it has been found that 
such pAP peptides are generated in vitroby cultured mammalian cells and may be measured in the conditioned culture 
medium of numerous mammalian cell lines. It has been further found that pAP peptides are present in the body fluids 
of various mammalian hosts, and that elevated levels of pAP peptides are associated with pAP-related conditions, 
such as Alzheimer's Disease and Down's Syndrome. 

[0040] The present invention provides methods for drug screening to identify potential pAP generation inhibitors. 
The methods rely on the measurement of very low pAP concentrations in a fluid sample, typically in the range from 
0.1 ng/ml to 1 0 ng/ml, with the present invention further providing highly sensitive and specific methods for performing 
such measurements. Detection methods can provide for measurement of pAP at threshold concentrations of 0.1 ng/ 
ml and below, and are sufficiently specific to distinguish pAP from other fragments of the p-amyloid precursor protein 
(APP) which contain precursor amino acids in addition to the 39-43 amino acids that comprise the pAP region. 
[0041] The mechanism of pAP and pAP fragment generation is not presently understood. It is possible that intact or 
full length pAP is produced intracellularly and thereafter released or secreted into the extracellular fluid, i.e., body fluids 
in vivo and conditioned cell culture medium in vitro. Alternatively, it is possible that a precursor protein or fragment, 
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which may be the entire APP or a portion thereof containing the pAP region , is secreted or released fronn the mannnnalian 
cells and processed outside of the cellular source. Regardless of the particular mechanism, the present invention relies 
on the detection and measurement of the concentrations or amounts of |3AP and |3AP fragments in extracellular fluids, 
including conditioned culture medium and body fluids, as discussed in more detail below. 

5 [0042] The term "p-amyloid peptide (pAP) as used herein refers to an approximately 4.2 kD protein which, in the 
brains of AD, Down's Syndrome, HCHWA-D and some normal aged subjects, forms thesubunitof the amyloid filaments 
comprising the senile (amyloid) plaques and the amyloid deposits in small cerebral and meningeal blood vessels (amy- 
loid angiopathy). (3AP can occur in a filamentous polymeric form (in this form, it exhibits the Congo-red and thioflavin- 
S dye-binding characteristics of amyloid described in connection therewith). pAP can also occur in a non-filamentous 

10 form ("preamyloid" or "amorphous" or "diffuse" deposits) in tissue, in which form no detectable birefringent staining by 
Congo red occurs. A portion of this protein in the insoluble form obtained from meningeal blood vessels is described 
in U.S. Patent No. 4,666,829. (3AP when used in connection with this invention, specifically refers to an approximately 
39-43 amino acid peptide that is substantially homologous to the form of the protein produced by the method described 
in the patent of Glenner et al., but which, according to the instant invention, can be found in and purified from the 

15 extracellular fluid (medium) of cultured cells grown in wYroorfrom body fluids of humans and other mammals, including 
both normal individuals and individuals suffering from pAP-related conditions. Thus, pAP also refers to related pAP 
sequences that result from mutations in thepAP region of the normal gene. In whatever form, pAP is an approximately 
39-43 amino acid fragment of a large membrane-spanning glycoprotein, referred to as the p-amyloid precursor protein 
(APP), encoded by a gene on the long arm of human chromosome 21. pAP is further characterized by its relative 

20 mobility in SDS-polyacrylamide gel electrophoresis or in high performance liquid chromatography (H PLC). Its 43-amino 
acid sequence is: 



1 

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr 

il 

Glu Val His His Gin Lys Leu Val Phe Phe 



Ala Glu Asp Val Gly Ser Asn Lys Gly Ala 
11 

lie lie Gly Leu Met Val Gly Gly Val Val 



He Ala Thr 



40 or a sequence that is substantially homologous thereto. 

[0043] The term "pAP peptides" as used herein refers to intact or full length pAP as well as to fragments and deg- 
radation products of pAP which are generated at low concentrations by mammalian cells. Particular pAP fragments 
have a molecular weight of approximately 3 kD and are presently believed to consist of amino acid residues 11-40 and 
17-40 of pAP 

45 [0044] The term "pAP junction region" as used herein refers to a region of pAP which is centered at the site between 
amino acid residues 16 and 17 (Lys""^ and Leu"""^) which is a target for normal proteolytic processing of APP. Such 
normal processing results in a variety of APP fragments which are potentially immunologically cross-reactive with the 
intact pAP molecule and fragments of pAP which are to be identified in the methods of the present invention. The 
junction region will span amino acid residues 1 0 to 35, preferably spanning amino acid residues 15 to 30, with antibodies 

50 raised against a synthetic peptide consisting of amino acid residues 13-28 having been found to display the requisite 
specificity. 

[0045] The term "p-amyloid precursor protein" (APP) as used herein is defined as a polypeptide that is encoded by 
a gene of the same name localized in humans on the long arm of chromosome 21 and that includes pAP within its 
carboxyl third. APP is a glycosylated, single-membrane-spanning protein expressed in a wide variety of cells in many 
55 mammalian tissues. Examples of specific isotypes of APP which are currently known to exist in humans are the 695-ami- 
no acid polypeptide described by Kang et al. (1987) Nature 325:733-736 which is designated as the "normal" APP; 
the 751 -amino acid polypeptide described by Ponte et al. (1988) Nature 331:525-527 (1988) and Tanzi et al. (1988) 
Nature 331:528-530; and the 770-amino acid polypeptide described by Kitaguchi et al. (1988) Nature 331:530-532. 
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Examples of specific variants of APP include point mutations which can differ in both position and phenotype (for review 
of known variant mutations see Hardy (1 992) Nature Genet. 1 :233-234). 

[0046] The term "APP fragments" as used herein refers to fragments of APP other than those which consist solely 
of pAP or pAP fragments. That is, APP fragments will include amino acid sequences of APP in addition to those which 

5 form intact pAP or a fragment of pAP. 

[0047] The term "pAP-related condition" as used herein is defined as including Alzheimer's Disease (which includes 
familial Alzheimer's Disease), Down's Syndrome, HCHWA-D, and advanced aging of the brain. 
[0048] The terms "conditioned culture medium" and "culture medium" as used herein refer to the aqueous extracel- 
lular fluid which surrounds ceils grown in tissue cuiture (in vitro) and which contains, among other constituents, proteins 

10 and peptides secreted by the cells. 

[0049] The term "body fluid" as used herein refers to those fluids of a mammaiian host which wili be expected to 
contain measurable amounts of pAP and pAP fragments, specificaliy including blood, cerebrospinal fluid (CSF), urine, 
and peritoneal fluid. The term "blood" refers to whole blood, as well as blood plasma and serum. 
[0050] According to the present invention, pAP and pAP fragments may be detected and/or measured in a variety 

15 of biological and physiological sampies, including in wYro samples, such as conditioned medium from cultured celis, 
inciuding transfected cell lines and endogenous cell lines, and in vivo patient samples, typicaily body fiuids. Detection 
and measurement of pAP peptides may be accomplished by any technique capable of distinguishing pAP and pAP 
fragments from other APP fragments which might be found in the sample. Convenientiy, immunological detection tech- 
niques may be employed using binding substances specific for pAP, such as antibodies, antibody fragments, recom- 

20 binant antibodies, and the like, which bind with specificity and sensitivity to pAP. In particular, it has been found that 
antibodies which are monospecific for the junction region of pAP are capabie of distinguishing pAP from other APP 
fragments. The junction region of pAP is centered at amino acid residues 16 and 17, typically spanning amino acid 
residues 13-28, and such junction-specific antibodies may be prepared using synthetic peptides having that sequence 
as an immunogen. Particulariy suitable detection techniques include ELISA, Western blotting, radioimmunoassay, and 

25 the iike. 

[0051] A preferred immunoassay technique is a two-site or "sandwich" assay employing a junction-specific antibody 
as the capture antibody (bound to a solid phase) and a second labeied antibody which binds to an epitope other than 
that bound to by the capture antibody. The second labeied antibody preferabiy recognizes the amino terminus of pAP 
and may be convenientiy raised against a synthetic peptide consisting essentially of amino acid residues 1 -1 6 of pAP. 
30 Particular methods for preparing such antibodies and utilizing such antibodies in an exemplary ELISA are set forth in 
the Experimental section hereinafter. 

[0052] Other non-immunologic techniques for detecting pAP and pAP fragments which do not require the use of pAP 
specific antibodies may aiso be empioyed. For example, two-dimensional gel eiectrophoresis may be employed to 
separate ciosely related soiuble proteins present in a fiuid sample. Antibodies which are cross-reactive with many 

35 fragments of APP, inciuding pAP may then be used to probe the geis, with the presence of pAP being identified based 
on its precise position on the gei. in the case of cultured cells, the cellular proteins may be metabolically labeled and 
separated by SDS-polyacrylamide gei electrophoresis, optionaliy employing immunoprecipitation as an initial separa- 
tion step. A specific example of the latter approach is described in the Experimental section hereinafter. 
[0053] Antibodies specific for the pAP may be prepared against a suitabie antigen or hapten comprising the desired 

40 target epitope, such as the junction region consisting of amino acid residues 1 3-28 and the amino terminus consisting 
of amino acid residues 1 -1 6. Conveniently, synthetic peptides may be prepared by conventional soiid phase techniques, 
coupled to a suitabie immunogen, and used to prepare antisera or monoclonal antibodies by conventional techniques. 
Suitabie peptide haptens will usuaily comprise at least five contiguous residues within pAP and may include more than 
six residues. 

45 [0054] Synthetic poiypeptide haptens may be produced by the well-known Merrifield solid-phase synthesis technique 
in which amino acids are sequentially added to a growing chain (Merrifield (1963) J. Am. Chem. Soc. 85:2149-2156). 
The amino acid sequences may be based on the sequence of pAP set forth above. 

[0055] Once a sufficient quantity of polypeptide hapten has been obtained, it may be conjugated to a suitable immu- 
nogenic carrier, such as serum albumin, keyhole limpet hemocyanin, or other suitabie protein carriers, as generally 
50 described in Hudson and Hay, practical Immunology, Biackwell Scientific Publications, Oxford, Chapter 1 .3, 1980. 
[0056] An exemplary immunogenic carrier utilized in the examples provided below is a-CD3e antibody (Boehringer- 
Mannheim, Clone No. 145-2C11). 

[0057] Once a sufficient quantity of the immunogen has been obtained, antibodies specific for the desired epitope 
may be produced by in vitro or in wVo techniques. In Wfro techniques invoive exposure of lymphocytes to the immu- 
55 nogens, while in vivo techniques require the injection of the immunogens into a suitable vertebrate host. Suitable 
vertebrate hosts are non-human, including mice, rats, rabbits, sheep, goats, and the like. Immunogens are injected 
into the animal according to a predetermined schedule, and the animais are periodically bled, with successive bleeds 
having improved titer and specificity. The injections may be made intramuscularly, intraperitonealiy, subcutaneously, 



8 



EP 0 667 959 B1 



or the like, and an adjuvant, such as inconnplete Freund's adjuvant, nnay be employed. 

[0058] If desired, monoclonal antibodies can be obtained by preparing immortalized cell lines capable of producing 
antibodies having desired specificity. Such immortalized cell lines may be produced in a variety of ways. Conveniently 
a small vertebrate, such as a mouse is hyperimmunized with the desired immunogen by the method just described. 

5 The vertebrate is then killed, usually several days afterthefinal immunization, thespleen cells removed, and the spleen 
cells immortalized. The manner of immortalization is not critical. Presently, the most common technique is fusion with 
a myeloma cell fusion partner, as first described by Kohler and Milstein (1 975) Nature 256:495-497. Other techniques 
including EBV transformation, transformation with bare DNA, e.g., oncogenes, retroviruses, etc., or any other method 
which provides for stable maintenance of the cell line and production of monoclonal antibodies. Specific techniques 

10 for preparing monoclonal antibodies are described in Antibodies: A Laboratory Manual, Harlow and Lane, eds.. Cold 
Spring Harbor Laboratory, 1988. 

[0059] In addition to monoclonal antibodies and polyclonal antibodies (antisera), the detection techniques of the 
present invention will also be able to use antibody fragments, such as F(ab), Fv, V|_, V|_|, and other fragments. In the 
use of polyclonal antibodies, however, it may be necessary to adsorb the anti-sera against the target epitopes in order 

15 to produce a monospecific antibody population. It will also be possible to employ recombinantly produced antibodies 
(immunoglobulins) and variations thereof as now well described in the patent and scientific literature. See, for example, 
EP 0123527 (EP 8430268.0); EP 0171496 (EP 85102665.8); EP 0173494 (EP 85305604.2); WO 86/01533 (PCT/GB 
85/00392); EP 0184187 (EP 85115311.4); and Japanese patent no. 62/00291 (application 85239543). It would also 
be possible to prepare other recombinant proteins which would mimic the binding specificity of antibodies prepared as 

20 just described. 

[0060] In vivo detection of pAP in patient samples can be used for diagnosing and monitoring of Alzheimer's Disease 
and other pAP-related conditions, such as Down's Syndrome and HCHWA-D. Suitable patient samples include body 
fluids, such as blood, CSF, urine, and peritoneal fluid. The presence of the pAP-related condition will generally be 
associated with elevated levels of pAP in the fluid when compared to those values in normal individuals, i.e., individuals 

25 not suffering from Alzheimer's Disease or any other pAP-related condition. Diagnostic concentrations of pAP in blood 
are in the range from 0.1 ng/ml to 10 ng/ml or higher, more generally 0.1 ng/ml to 3 ng/ml. Diagnostic concentrations 
of pAP in CSF are in the range from 0.1 ng/ml to 25 ng/ml or higher, more generally 0.1 ng/ml to 5 ng/ml. 
[0061] In addition to initial diagnosis of the pAP-related condition, the measured concentrations of pAP may be mon- 
itored in order to follow the progress of the disease, and potentially follow the effectiveness of treatment (when such 

30 treatments become available). It would be expected that levels of pAP would decrease with an effective treatment 
regimen. 

[0062] In vitro monitoring of pAP levels in conditioned culture medium from a suitable cell culture may be used for 
drug screening. By growing cells under conditions which result in the accumulation of pAP in the conditioned culture 
medium, and exposing the cultured cells to test compounds, the effect of these test compounds on pAP production 

35 may be observed. It would be expected that test compounds which are able to diminish the amount of pAP accumulation 
would be candidates for testing as inhibitors of pAP generation. Suitable cell lines include human and animal cell lines, 
such as the 293 human kidney cell line, human neuroglioma cell lines, human HeLa cells, primary human endothelial 
cells (e.g. HUVEC cells), primary human fibroblasts or lymphoblasts, primary human mixed brain cells (including neu- 
rons, astrocytes, and neuroglia), Chinese hamster ovary (CHO) cells, and the like. 

40 [0063] In drug screening methods according to the present invention cell lines capable of expressing APP variants 
which overproduce pAP are used. By "overproduce," it is meant that the amount of pAP produced from the variant 
APP will be greater than the amount produced from any or all of the normal APP isoforms, e.g., the 695, 751 , and 770 
amino acid isoforms which have been previously described. Particularly preferred are APP variants having one or 
several amino acid substitutions directly amino-terminal of the pAP cleavage site. For example, as shown in the Ex- 

45 perimental section herein, K293 cells which express an APP DNA bearing a double mutation (Lys^9^->Asn^9^ and 
Met5^6->Leu^^^) found in a Swedish FAD family produce approximately six-to-eightfold more pAP than cells expressing 
normal APP. The mutation at residue 596 appears to be principally responsible for the increase. 
[0064] Similarly, in vivo monitoring of pAP in animal models, such as the mouse animal model disclosed in WO 
91/1 981 0, and animal models expressing other APP isotypes and/or variants, may also be used to screen compounds 

50 for therapeutic effectiveness (usually for testing of compounds which have previously been identified by an in vitro 
screen, such as the in vitro screen described above). The test compound(s) are administered to the animal and the 
level of PAR or pAP fragment in a body fluid observed. Test compounds which reduce the level of the pAP in certain 
body fluids are considered to be candidates for further evaluation. 

[0065] The test compounds can be any molecule, compound, or other substance which can be added to the cell 
55 culture without substantially interfering with cell viability. Suitable test compounds may be small molecules, biological 
polymers, such as polypeptides, polysaccharides, polynucleotides, and the like. The test compounds will typically be 
administered to the culture medium at a concentration in the range from about 1 nM to 1 mM, usually from about 10 
to 1 mM. Test compounds which are able to inhibit generation, accumulation, or secretion of pAP are considered 



9 



EP 0 667 959 B1 



as candidates for further determinations of tine ability to decrease pAP production in cells and/or aninnals. 
[0066] The present invention further comprises methods for inhibiting [3-amyioid production in cells, where the method 
includes administering to the cells compounds selected by the method described above. The compounds may be 
added to cell culture in order to inhibit pAP production by the cultured cells. The compounds may also be administered 
5 to a patient in order to inhibit the deposition of amyloid plaque associated with Alzheimer's and other pAP-related 
diseases. 

[0067] The present invention further comprises pharmaceutical compositions incorporating a compound selected by 
the above-described method and including a pharmaceutically acceptable carrier. Such pharmaceutical compositions 
should contain a therapeutic or prophylactic amount of at least one compound identified by the method of the present 

10 invention. The pharmaceutically acceptable carrier can be any compatible, non-toxic substance suitable to deliver the 
compounds to an intended host. Sterile water, alcohol, fats, waxes, and inert solids may be used as the carrier. Phar- 
maceutically acceptable adjuvants, buffering agents, dispersing agents, and the like may also be incorporated into the 
pharmaceutical compositions. Preparation of pharmaceutical conditions incorporating active agents is well described 
in the medical and scientific literature. See, for example, Remington's Pharmaceutical Sciences, Mack Publishing Com- 

15 pany, Easton, Pennsylvania, 16th Ed., 1982. 

[0068] The pharmaceutical compositions just described are suitable for systemic administration to the host, including 
both parenteral, topical, and oral administration. The pharmaceutical compositions may be administered parenterally, 
i.e. subcutaneously, intramuscularly, or intravenously. Thus, the present invention provides compositions for adminis- 
tration to a host, where the compositions comprise a pharmaceutically acceptable solution of the identified compound 

20 in an acceptable carrier, as described above. 

[0069] Frequently, it will be desirable or necessary to introduce the pharmaceutical compositions directly or indirectly 
to the brain. Direct techniques usually involve placement of a drug delivery catheter into the host's ventricular system 
to bypass the blood-brain barrier. Indirect techniques, which are generally preferred, involve formulating the composi- 
tions to provide for drug latentiation by the conversion of hydrophilic drugs into lipid-soluble drugs. Latentiation is 

25 generally achieved through blocking of the hydroxyl, carboxyl, and primary amine groups present on the drug to render 
the drug more lipid-soluble and amenable to transportation across the blood-brain barrier. Alternatively, the delivery of 
hydrophilic drugs can be enhanced by intraarterial infusion of hypertonic solutions which can transiently open the blood- 
brain barrier. 

[0070] The concentration of the compound in the pharmaceutical carrier may vary widely, i.e. from less than about 
30 0.1 % by weight of the pharmaceutical composition to about 20% by weight, or greater. Typical pharmaceutical com- 
position for intramuscular injection would be made up to contain, for example, one to four ml of sterile buffered water 
and one |a.g to one mg of the compound identified by the method of the present invention. The typical composition for 
intravenous infusion could be made up to contain 1 GO to 500 ml of sterile Ringer's solution and about 1 to 1 00 mg of 
the compound. 

35 [0071] The pharmaceutical compositions of the present invention can be administered for prophylactic and/or ther- 
apeutic treatment of diseases related to the deposition of pAP, such as Alzheimer's disease, Down's syndrome, and 
advanced aging of the brain. In therapeutic applications, the pharmaceutical compositions are administered to a host 
already suffering from the disease. The pharmaceutical compositions will be administered in an amount sufficient to 
inhibitfurther deposition of pAP plaque. An amount adequate to accomplish this is defined as a "therapeutically effective 

40 dose." Such effective dose will depend on the extent of the disease, the size of the host, and the like, but will generally 
range from about 0.01 |xg to 10 mg of the compound per kilogram of body weight of the host, with dosages of 0.1 |xg 
to 1 mg/kg being more commonly employed. 

[0072] For prophylactic applications, the pharmaceutical compositions of the present invention are administered to 
a host susceptible to the pAP-related disease, but not already suffering from such disease. Such hosts may be identified 

45 by genetic screening and clinical analysis, as described in the medical literature (e.g. Goate (1991) Nature 349: 
704-706). The pharmaceutical compositions will be able to inhibit or prevent deposition of the pAP plaque at a symp- 
tomatically early stage, preferably preventing even the initial stages of the p-amyloid disease. The amount of the com- 
pound required for such prophylactic treatment, referred to as a prophylactically-effective dosage, is generally the same 
as described above for therapeutic treatment. 

50 [0073] The following examples are offered by way of illustration, not by way of limitation. 
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EXPERIMENTAL 
Materials and Methods 

5 1 . Antibody Preparation . 

a. Monoclonal Antibodies to the ^AP Junction Region. 

[0074] Monoclonal antibodies to the junction region of pAP were prepared using a synthetic peptide spanning amino 
10 acid residues 13-28 (|3AP^3.28)- PAP^g.gg was conjugated to an innnnunogen (a-CD3e antibody; Clone No. 145-2C11 , 
Boehringer-Mannheim) using nn-maleimidobenzoyl-N-hydroxysuccininnide ester (MBS) according to the manufactur- 
er's (Pierce) instructions. 

[0075] A/J mice were immunized initially intraperitoneally (IP) with the (3AP conjugate mixed with complete Freund's 
adjuvant. Fourteen days later, the mice were boosted IP with the pAP conjugate mixed with phosphate buffered saline 

15 (PBS) at 14 day intervais. After six total boosts, the mice were finaily boosted intravenousiy with pAP conjugate mixed 
with PBS and fused 3 days later. Fusion of spieen cells with PS. 653 myeloma celis was performed according as de- 
scribed in Oi and Herzenberg, Selective Methods in Celiular Immunology, Mishell and Shigii, Eds., W.H. Freeman and 
Company, San Francisco, Chapter 17 (1980). Serum titers and initial screens were performed by the RIA method 
described below. Several clones were expanded to a 24 well plate and subjected to further analysis as described below. 

20 Clones of interest were produced in mouse ascites. 

[0076] The RIA method used to screen serum bleeds and fusion hybridoma supernatants was based upon a method 
developed by Wang et al. (1977) J. Immunol. Methods 1 8:157-164. Briefly, the supernatant (or serum) was incubated 
overnight at room temperature on a rotator with ""^^l-labeled pAP^.gg and Sepharose® 4B beads to which sheep anti- 
mouse IgG had been coupled via cyanogen bromide. The beads from each well were harvested onto glass fiber filter 

25 discs with a cell harvester and washed several times with PBS. The filter discs were then transferred to gamma tubes 
and the bound radioactivity was counted in a gamma counter. 

[0077] All hybridomas were tested for binding to |3AP-|.28 using the method described above in the initial screen, and 
then retested 3 days later. pAP^.gs positive clones were further characterized for reactivity to ""^^i-iabeled pAP^.-ig using 
the RIA method described above. No clones were found to bind pAP^.^g. In a peptide capture ELISA, all clones were 
30 found to react with pAP^s.gg while no clones reacted to Therefore, it was determined that all clones had an 

epitope within the junction region spanning amino acids 16 and 17. 

[0078] Based on results of the above assays, several clones were expanded into 24 well plates. These clones were 
further characterized by saturation analysis. Supernatants at the 50% titer point (as determined by the RIA method 
described above) were added to wells containing Sepharose®-sheep anti-mouse IgG beads, a constant amount of ""^si. 

35 labeled pAP^.28, and varying amounts of unlabeled pAP-|3_2g or pAP-|7.2g. The concentration of cold peptide for 50% 
inhibition was determined for each antibody. For the pAP^7.28, no inhibition was seen at 100 ng/well for any clones. 
The 50% inhibition point for PAP13.28 ranged from 10-80 ng/well. The clones were also characterized based on reactivity 
in Western blots. Based on titer point, sensitivity (as determined by the 50% inhibition point), and reactivity on Western 
blot, several clones were produced in ascites. 

40 [0079] Antibodies from hybridomas designated 067, 266, 297, and 361 were selected for use as a capture antibody 
in the assays described below. 

b. Monoclonal Antibodies to the N-terminal Region of^AR 

45 [0080] Monoclonal antibodies to the N-terminal region of pAP were prepared using a synthetic peptide spanning 
amino acid residues 1 -28 (pAP^.28). pAP^.28 was chemically coupled using disuccimidyl suberate (DSS) to rabbit serum 
albumin (RSA) using a 20:1 molar ratio of peptide to protein in 50 mM sodium phosphate, pH 7.0, 150 mM NaCI, 
overnight at21°C using 1 mM DSS (Hyman etal. (1992) J. Neuropath. Exp. Neuro. 51:76). 

[0081] Antibodies 1 0D5 and 6C6 were obtained from afusion where mice had received 5 injections of pAP-|.28 coupled 
50 to RSA via DSS at 100 ^g/ml. The initial injection was in complete Freund's adjuvant (CFA) followed by second and 
subsequent injections in incomplete Fruend's adjuvant (IFA) every 1 0-14 days. Three days before the fusion, mouse 
4 which had a titer of 1/70,000 as measured by ELISA against PAP^.28, received 100|i.g of PAP^.28 RSA in PBS intra- 
peritoneally as a final boost. Screening was done by ELISA and on pa raff in -fixed AD brain sections. The coating con- 
centration of pAP^_2a was 1 [ig/well. 10D5 and 6C6 were positive by ELISA and AD brain tissue section. 
55 [0082] Antibodies from hybridomas designated 10D5 and 6C6 were selected for use as a reporter antibody in the 
assays described below. 
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c. Polyclonal Antibodies. 

[0083] Polyclonal antibodies were raised against synthetic peptides pAP-1.38, pAP-1.40, and |3APi.42, and were des- 
ignated anti-|3AP^.38 (antiserunn Y), anti-pAP^_4o (antiserum 1280) and anti-pAP^.^g (antiserunn HM). Rabbits were 
5 immunized with 0.5-3.0 mg of one of these peptides (unconjugated) in complete Freund's adjuvant intradermally. The 
rabbits received booster injections of 0.1-0.5 mg peptide 3 weel<s after primary immunization and at approximately 2-4 
week intervals thereafter untii high titers of anti-peptide reactivity could be detected in sampies of the rabbit serum. 
These antisera were then used in immunological assays at dilutions ranging from 1 :300 to 1 :1 ,500. 

10 2. ELISA Assay . 

a. Binding of Capture Antibody to Microtiter Wells. 

[0084] Monoclonal antibody 266 was diluted to a concentration of 5 [ig/mi, and monoclonal antibody 067 to 10 [ig/ 
^5 mi in a buffer containing NaH2P04-7H20, 26.2 g/L; NaNs, 1 g/L; pH 8.3. One hundred filAwell of this solution was then 
dispensed in a 96 well polystyrene transparent COSTAR plate and incubated overnight at room temperature. Following 
coating, the remaining solution was aspirated and the non-specific antibody binding sites were blocl<ed with 0.25% 
human serum albumin (HSA) dissolved in a buffer containing NaH2P04-H20, 1 g/L; Na2HP04-7H20, 10.8 g/L; NaN3, 
0.5 g/L and sucrose, 25 g/L; pH 7.4. These coated/blocked piates were used immediately or dried in a desiccator and 
20 stored in a dry container at 4°C for a maximum of 5 days. 

b. Assay Protocol. 

[0085] Calibrators containing known amounts of pAP and sampies from various bodily or extra bodily fiuids were 

25 then added to the plate at 1 00 |xi/well. The sampies were added undiluted or diluted in a buffer containing NaH2P04-H20, 
0.2 g/L; Na2HP04.7H20, 2.16 g/L; NaN^, 0.5 g/L; BSA (globuiin free) 6 g/L; Triton X-405, 0.5 mL/L; NaCI, 8.5 g/L; pH 
7.4. Samples and caiibrators were incubated in the wells for 1 hour at room temperature, subsequentiy aspirated, and 
the welis washed with 300 |al/well of a solution containing NaCI, 80 g/L; KCI, 3.8 g/L; Tris base, 5.85 g/L; Tris HCI, 
31 .75 g/L; and 0.05% Tween® 20; pH 7.5 (TBS). 

30 [0086] NHS-biotin (15 mg) was dissolved in 0.25 ml dimethylsulfoxide, and 1 0 |a.l of this solution was added to 1 mg 
of 1 0D5 or 6C6 antibody suspended in 1 mi of sodium carbonate solution, 50 mM, pH 8.5. The mixture was incubated 
in the dark for 11/2 hours at room temperature and then dialyzed against phosphate buffered saline, pH 7.4 for 48 hours 
at 4°C, to produce biotinylated reporter antibody. One hundred Lxl/well of the biotinylated reporter antibody (10D5 or 
6C6) diluted to 3 [ig/ml was then added to each weil and incubated for another hour at room temperature. The antibody 

35 diluent consisted of Trizma base, 1 .21 g/L; NaCI, 29.22 g/L; NaNg, 1 .5 g/L, Triton X 405, 0.5 ml/L; PEG (Mw 3350), 40 
g/L; Mg Ci2-6H20, 0.095 g/L; ZnCi2, 0.014 g/L; fetal bovine serum 100 ml/L; and BSA 2.5 g/L, pH 7.4. 
[0087] After 1 hour incubation at room temperature with the reporter antibody (10D5 or 6C6) the supernatant was 
aspirated and the wells were washed three times with 300 jxi/well of TBS. Streptavidin alkaline phosphatase (100 ^1/ 
weil, diluted 1 :2000 in the conjugate diluent buffer) was added and incubated for another hour at room temperature. 

40 The supernatant was then aspirated and washed 3 times with 300 p.l/well TBS. Fluorescent substrate (4-methyl-um- 
bellipheryl phosphate in 2-amino-2-methyl propranolol buffer; pH 9.5; (100 ^I/well) was added) and fiuorescence read 
and expressed as reiative fluorescent units (FSU) after 15 minutes using a Cytofluor 2300 from Millipore, with 360/40 
excitation filter and 460/40 emission filter. 

45 3. Cuitured Cells . 

[0088] Human cells (and cells from other mammals) were cuitured under standard cell culture conditions in plastic 
dishes or multi-well microtiter plates. In particuiar, human embryonal kidney carcinoma 293 celis (hereinafter desig- 
nated K293 celis) were grown in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal calf serum and 
50 antibiotics. K293 cells that had previously been transfected with a recombinant DN A construct containing the f uli coding 
region of the p amyloid precursor protein (APP) were utilized in addition to untransfected K293 ceils (Selkoe et al. 
(1 988) Proc. Acad. Sci. USA 85:7341 -7345; and Oltersdorf et al. (1 990) J. Bioi. Chem. 265:4492-4497). The transfected 
celis express high levels of the APP protein, compared to the usuai background levels of endogenous APP characteristic 
of K293 ceils. 

55 [0089] Several other cell types were also cultured, inciuding human umbilicai vein endotheliai celis (HUVEC); a 
human megakaryocyte id leukemic cell line designated DAMi; Chinese hamster ovary (CHO) cells, primary human 
fibroblasts, and primary mixed brain cell cuitures (including neurons, astrocytes, and microglia) estabiished from human 
or rodent brain. 
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[0090] These various cell lines were grown at 37°C in a tissue culture incubator containing an atnnosphere of 95% 
oxygen and 5% carbon dioxide. The celis were routinely subcultured by providing fresh culture medium at regular 
intervals. The extracellular fluid surrounding the celis (conditioned medium) was harvested from ceils grown either 
under standard resting conditions or following various biochemical treatments of the celis. Ail cultured celis and their 

5 derived media sampies were handled under aseptic conditions. 

[0091] Cultures of human-mixed brain cells for use in immunoaffinity chromatography studies were prepared as 
foilows. Fetal neurai tissue specimens were obtained from 12-14 week old fetal cadavers. Sampies of cerebral cortex 
were rinsed twice with Hank's Balanced Saline solution (HBSS). Cortical tissue (2-3 grams) was placed in 10 mis of 
cold HBSS to which 1 mg of DNase (Sigma Chemical Co., St. Louis, MO D3427) was added. The triturated suspension 

10 was filtered through Nitex nylon screens of 21 0 jxm then 1 30 ^m, as described by Pulliam et ai. (1 984) J. Virol. Met. 
9:301. 

[0092] Celis were harvested by centrifugation and resuspended in neuronal medium (MEM fortified with 10% fetai 
bovine serum, 1% glucose, 1 mM Na pyruvate, 1 mM giutamine, 20 mM KCI). Polyethyieneimine coated 100 mm dishes 
were seeded with 1 .5 x 10"^ cells in 8 mis of neuronal medium. The medium was harvested and fresh medium added 
15 twice weekly. The conditioned medium from the ceils (HFBC-CM) was frozen until use. 

4. Immunoprecipltation/Autoradiography Assay for pAP . 
a. Metabolic Labeling and Immunoprecipitation. 

20 

[0093] K293 celis grown under standard cuiture conditions underwent metaboiic labeling of newly synthesized pro- 
teins by addition of ^^S-radioiabeled methionine to the culture medium. During this step, the medium contained no 
unlabeled ("coid") methionine but was otherwise identicai to the standard medium used to cuiture K293 cells. Amounts 
of radioactive methionine varying from 50-300 |aCi/ml of media were used in the iabeling experiments. Cells were 
25 incubated for approximately 1 0-20 hours. Thereafter, the medium containing any radiolabeied proteins released from 
the cell was collected. 

[0094] A polyclonal antibody produced to a synthetic pAP peptide comprising the amino acids Asp-^ through Va/-40 
(PAP-|_4q) was added to the collected media and incubated for periods varying from 2-1 0 hours. This aliowed antigen- 
antibody complexes to form between the anti-pAP antibody and any pAP peptide present in the cuiture media. There- 
to after, a protein A-SepharoseC© reagent capabie of binding to immunoglobuiins (antibodies) was added, and this mixture 
was further incubated for varying periods of 2-1 0 hours. This incubation enabled the protein A-Sepharose(E> beads to 
bind to the anti-pAP antibodies which in turn were bound to pAP peptide. The conditioned media was then centrifuged 
at 12,000 xg for 10 minutes to pelietthe antigen-antibody-protein A-Sepharose® bead complexes. 

35 b. SDS-Polyacrylamide Gel Electroplioresis (PAGE) of the Immunopreclpitate. 

[0095] The immunoprecipitates of the media from metabolically labeled ceils was elect rophoresed on 1 0-20% Tris- 
tricine gels, which have the advantage of resolving low molecuiar weight proteins (such as pAP) well. The gels were 
then dried and exposed to X-ray film to produce an autoradiogram or fluorogram. Exposure times varied but were 
40 usualiy in the range of 2-7 days. Following deveiopment of the X-ray fiim, any radiolabeled proteins that were precip- 
itated from the celi media by the anti-pAP antibody were visualized as dark bands at the appropriate moiecular weight 
(i.e., 4 kD). 

5. Preparation of 266 Resin. 

45 

[0096] Antibody 266 (15 mis at 0.85 mg/ml) was dialyzed versus 1 0 mM Na acetate, 15 mm NaCI, pH 5.5 and then 
coupled to Affi-Gel® Hz Hydrazide (Bio-Rad, Richmond, CA) according to the manufacturer's protocoi, using approx- 
imateiy 5 mis of resin. One ml of the resin was piaced in a 1 x 1 0 cm coiumn for the purification of pAP from 4 liters of 
conditioned medium. 

50 

6. Western Blotting. 

[0097] Samples were subjected to SDS-PAGE on 10% - 20% Tricine geis (Novex) and transferred to PVDF mem- 
branes (Problot, Applied Biosystems) at 40 volts, overnight, in the buffer system described by Towbin, et ai. (1979) 
55 Proc. Natl. Acad. Sci. USA 76:4350-4354. Visualization of immunoreactive proteins employed theTROPIX chemilu- 
minescence system according to the manufacturer's directions for the AMPPD substrate. The primary antibody used 
was 1 0D5 at a concentration of 5 jig/ml. 
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7. Construction and Analysis of the 'Swedish' FAD Mutation. 

[0098] The Swedish nnutation involves two adjacent base pair conversions: nucleotide 1 785 G to T and nucleotide 
1 786 A to C which leads to two amino acid exchanges: Lys->Asn595 and IVIet->Leu596 (all nunnbering based on APPggs). 

5 [0099] To analyze the biochemical effect of this mutation on the metabolism of APP in vitro it was introduced by in 
wYro mutagenesis in an expression vector for eukaryotic expression of APP molecules (described in Selkoe et al., 1988 
supra). In this case, both forms of the vector carrying the 695 and the 751 amino acid forms of APP were used. Muta- 
genesis was performed by use of two oligonucleotide primers derived from the APP sequence and polymerase chain 
reaction (PGR). Primer 1 (sense) is a 30-mer and has the sequence GAG GAG ATC TCT GAA GTG AAT CTG GAT 

10 GCA. This primer contains a Bglll restriction endonuclease site (AGA TCT) corresponding to the Bglll site In position 
1 770 of APP and contains the two described nucleotide exchanges at positions 24 and 25 of the primer. Primer 2 (anti- 
sense) is a 29-mer with the sequence AAT CTA TTC ATG CAC TAG TTT GAT ACA GC. The primer contains a Spel 
restriction endonuclease site (ACT AGT) corresponding to position 2360 of APP. Using a normal APP cDNA for a 
template, the two primers allow the creation of a DNA fragment of approximately 600 basepairs in length by standard 

15 PCR (reagents and protocols from Perkin Elmer). The obtained fragment as well as the expression vector containing 
the normal APP cDNA were cleaved with restriction endonucleases Bglll and Spel. 

[0100] Bglll and Spel were chosen as they are both single cut sites In this vector and therefore allow the simple 
removal of the non-mutated restriction fragment corresponding to the fragment created by PCR. Accordingly the ap- 
proximately 600 basepair vector fragment was replaced by the PCR generated fragment of equal length carrying the 
20 mutation by standard techniques. DNA of recombinant bacterial clones was obtained by standard methods which was 
screened for the absence of an Mbo II restriction endonuclease site. Then the DNA sequence was confirmed by se- 
quencing of the complete region that had undergone the PCR reaction. 

[0101] In addition to the construction of the double mutation, the effects of each of the two mutations were separately 
examined. Using appropriate primers or olignucleotides specific for either the 595 Lys->Asn substitution or the 596 

25 Met->Leu substitution, DNA constructs were prepared and used to transfect K293 cells as described. 

[0102] Analysis of the effects of the mutation was carried out by transient expression of the obtained mutated clone 
in 293 cells. The DOTAP reagent transfection method was used according to the manufacturer's specifications (Boe- 
hrlnger Mannheim, Indianapolis, IN). Conditioned medium was harvested 48 hours after transfection. Transfection 
efficiency was assessed by a sandwich ELISA for APPs in the conditioned medium with affinity purified polyclonal 

30 antibodies B5 (blotinylated) to a bacterial fusion protein of APP444_592 and the capture antibody B3, to a bacterial fusion 
protein of APP2o-304- pAP levels were measured by the ELISA described above In Example 2. As described below, the 
measurement of pAP In the conditioned media of transiently transfected K293 cells expressing the Swedish variant 
form of APP shows a 6-7 fold increase in production of pAP. 

35 Results 

[0103] The pAP ELISA assay was used to detect known amounts of synthetic pAP peptides pAPi_3g and pAPi.4o. 
The assay employing 266 capture antibody and 10D5 reporter antibody was able to detect the peptides at 0.1 ng/ml. 
See Fig. 1 . Moreover, the 266/1 0D5 assay was found not to significantly cross-react with full length APP, secreted APP 
40 695 or 751 , recombinant APP fragments constructs 15 or 6, pAP fragments 15-20, 11-18, 13-18, or 13-20, or fibrinogen 
(Table I). 



Table I 



pAP Cross-Reactivity in 266/1 0D5 ELISA 


Molecule 


ng/ml 


%Cross- Reactivity 


Full Length APP 


1-100 


0 


Secreted APP 695 


1-100 


0 


Secreted APP 751 


1-100 


0 


Construct 1 5* 


1-100 


0 


Construct 6** 


1-100 


<0.1 


pAP Fragment 15-20 


1-1000 


0 


pAP Fragment 11-18 


1-1000 


0 


pAP Fragment 13-18 


1-1000 


0 



"Described in Sinlna et al. (1991) J. Biol. Chem. 266:2104-21013. 
"''Residues 590-695, as numbered in 695 isoform. 
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Table I (continued) 



pAP Cross-Reactivity in 266/1 0D5 ELISA 


Molecule 


ng/nni 


%Cross- Reactivity 


pAP Fragnnent 13-20 


1-1000 


0.2 


Fibrinogen Type 1 


1-1000 


0 


Fibrinogen Type II 


1-1000 


0 


Fibrinogen Type III 


1-1000 


0 



[0104] The ELISA assay was used to screen blood and CSF samples from humans, dogs, guinea pigs, and rats. 
Detectable amounts of pAP were found, with concentrations in the ranges set forth in Table II. 



Table II 



pAP Level in Plasma and CSF of Various Species 


Species 


CSF pAP (ng/ml) 


Plasma pAP (ng/ml) 


Human 


0.1 -20.0 


0.1 - 30.0 


Dog 


2.0 - 10.0 


2.0 


Guinea Pig 


2.5 - 8.0 


4.0 - 5.0 


Rat 


1.5 


ND 


Rabbit 


1.5 - 9.0 


0.5 - 3.0 



[0105] A comparative study was carried out in groups of normal individuals and AD patients, both in plasma and 
CSF. Samples were screened using the ELISA assay, with the results for plasma set forth in Fig. 2A and the results 
for CSF set forth in Fig. 2B. pAP levels in CSFfor normal individuals (C), AD patients, cerebrovascular accident (CVA), 
and Parkinson's Disease (PD) are set forth in Fig. 3. A CSF pool of approximately 1 000 individuals had a mean value 
of 2.5 ng/ml in CSF, circled in Fig. 3, row C. The rest of the control individuals had a variety of non-AD neuronal 
degenerative diseases. The AD mean values are well above the control pool value. 

[0106] A number of transfected and non-transfected cultured cells were tested for release of pAP using the ELISA 
assay. All cells tested were found to release pAP into the culture medium, with the APP transfected cells releasing 
higher concentrations than released from non-transfected cultured cells, as set forth in Table III. 



Table III 



Release of pAP by Ceils in Cuiture 


Cell Type 


Transfection 


pAP (ng/ml) 


K293 




0.1 - 0.4 


K293 


695 


1.6-2.5 


K293 


751 


1.2-2.5 


Mixed brain cells 




4.0 


CHO 


751 


2.0 - 9.0 



[0107] Using the immunoprecipitation/autoradiography assay described above in Example 4, it was shown that pol- 
yclonal antibody 1280 immunoprecipitateda4 kD protein from K293cell mediathatcomigratedprecisely with a standard 
sample of radioiodinated synthetic pAP^_4Q peptide. In addition, a 3 kD protein was simultaneously precipitated. This 
appears to be a fragment of pAP lacking the first 1 0 or 1 6 amino acids. When the 1 280 antibody was preabsorbed with 
synthetic pAP^_4Q peptide to block its activity, no 3 kD or 4 kD bands were precipitated from the K293 cell media. When 
the conditioned medium of K293 cells overexpressing APP was centrifuged at 100,000 xg for 2 hours (to pellet any 
insoluble proteinaceous material), immunoprecipitation/autoradiography with the 1 280 antibody showed that substan- 
tially all of the 3 kD and 4 kD proteins remained in the supernatant, (see Fig. 6). This experiment demonstrates the 
pAP found in culture media is a soluble molecule, in contrast to previous reports about pAP in postmortem human 
brain tissue (see for example, Glenner and Wong (1 984), supra). 

[0108] The precipitation of the 4 kD pAP comigrating peptide from the media of K293 cells transfected with pAPP 
cDNA was confirmed by utilizing additional pAP antibodies. Antibody Y to synthetic pAP-|_38 peptide precipitated the 4 
kD protein in identical fashion to antibody 1280. Also, antibody HM to synthetic pAP^.42 precipitated the 4 kD protein. 



EP 0 667 959 B1 



As a controL each of these antibodies was preabsorbed with its synthetic peptide antigen, thereby neutralizing its 
activity. Thereafter, the antibodies no longer immunoprecipitated the 4 l<D pAP peptide from conditioned media. As an 
additional control, the preimmune sera (i.e., a sample of normai serum taken from each rabbit used to raise the poiy- 
cionai antibodies prior to the actual immunization) did not immunoprecipitate the 4 kD peptide from the media. 

5 [0109] To ascertain the immunochemical specificity of the 4 kD pAP comigrating peptide precipitated from media, 
other antibodies to regions of APR flanking the |3AP region were used in the above immunoprecipitation/autoradiog- 
raphy assay. For example, an antibody to the 20-amino acid region immediately amino-terminal to the beginning of the 
pAP region of APP failed to precipitate the 4 kD peptide from media. Likewise, an antibody to the last 20 amino acids 
at the carboxyl terminus of APP (60 amino acids beyond the pAP region) also failed to precipitate the 4 kD peptide, in 

10 contrast, an antibody to the first 15 residues of pAP successfully precipitated the 4 kD band. Likewise, antibodies to 
the middle portion of pAP also precipitated the 4 kD peptide, but not the 3 kD peptide discussed above. These various 
antibody precipitations demonstrate that the 4 kD peptide present in the media of cultured cells (e.g., K293 cells) shows 
the specific immunochemical reactivities characteristic of pAP. The 3 kD peptide in the media shows the specific im- 
munochemical reactivity of pAP lacking the first 10 or 16 residues. Evidence that the antibodies were active in each 

15 reaction was provided by the co-precipitation from the same media of the normal secreted fragment of APP (designated 
"soluble APP" or "APPg") whenever the precipitation reactions were carried out with antibodies to that region of APP. 
This large soluble APP fragment is known to be present normally in the media of cultured cells expressing APP. Its 
coprecipitation by anti-pAP antibodies thus represents a positive control reaction demonstrating the intact activity of 
the antibodies used in this assay. 

20 [0110] As an additional control reaction to demonstrate that the immunoprecipitated 4 kD protein comigrating with 
synthetic pAP indeed represented authentic pAP, the media of cells transfected with an APP cDNA (and thus overex- 
pressing APP) were compared to the media of untransfected cells. Immunoprecipitation/autoradiography showed an 
increased amount of precipitable 4 kD protein in the media of the transfected versus non-transfected cells, as expected 
from their increased production of the APP precursor molecule. See Fig. 5. Similarly, the media of the transfected cells 

25 showed more of the APP^ soluble fragment of APP than the media of the non-transfected cells; this positive control 
reaction was observed simultaneously in the immunoprecipitates that contained the 4 kD protein. 
[0111] The same result was obtained when a different cell type, Chinese hamster ovary (CHO) cells, was used. 
Comparison of CHO cells either untransfected or transfected with APP cDNA showed increased levels of the 4 kD 
1 280-precipitable peptide in the media of the latter cells. These results provided further evidence that the 4 kD protein 

30 in the cell media was bona fide pAP. 

[0112] Authentic, native pAP was extracted from autopsied human cerebral cortex of patients who died with AD. This 
sample of Apfrom AD brain tissue comigrated with the 4 kD 1 280-precipitable peptide from cultured cell media when 
analyzed by SDS-polyacrylamide gel electrophoresis. This comigration provided further support for the identity of the 
4 kD peptide as pAP. 

35 [0113] Four liters of human fetal brain culture-conditioned media (HFBC-CM) were thawed and filtered through a 
0.45 ^m filtering flask. Leupeptin (1 |xg/ml) and PMSF (35 ixg/ml) taken from a 35 mg/ml stock in isopropanol were 
added to the HFBC-CM immediately prior to affinity chromatography. The material was run through the 266-affinity 
column at a flow rate of approximately 2 ml/min at 4°C. The column was then washed with 500 mis of PBS. Elution of 
material specifically bound to the resin was achieved with 0.2 M glycine pH 2.0. A total of 9 mis was used. 

40 [0114] The eluted material was subjected to two steps of reversed phase liquid chromatography using a Vydac C4 
[0.21 x 15 cm] reversed phase column and a solvent system containing 0.1% TFA in buffer "A" and 0.1% TFA/80% 
acetonitrile in buffer "B". The affinity-purified material was loaded onto the reversed phase column at 200 |xl/min and 
then washed with 80% buffer (A) and 20% buffer "B" at 200 ^l/min for 60 min and 50 ^l/min for 42 min to equilibrate 
the column and stabilize the baseline. A gradient from 20% to 70% "B" was executed over 50 min at 50 ^l/min, and 

45 the eluant was monitored at OD22o- Fractions of 1 00 |xl were collected and assayed by both Western blot and ELISA. 
Based on these results, fractions 11 and 12 were pooled and rechromatographed under nearly identical conditions 
except that a 150 min gradient from 1 0 to 40% "B" was employed followed by a 20 min gradient from 40 to 1 00% "B". 
[0115] Fraction 77 from the second reversed phase chromatography step was found to be reactive against the 1 0D5 
antibody by both Western blot (Fig. 4) and ELISA. 

50 [0116] An aliquot of the material in fraction 77 was microsequenced and shown to have the N-terminal sequence of 
pAP, beginning with Asp. Microsequencing was performed on an Applied Biosystems Model 477 protein sequencer 
using a microscale reaction cartridge and Applied Biosystems's MICFST program cycles. 

[0117] A second aliquot was subjected to electrospray ionization mass spectrometry, performed at M-SCAN, Inc., 
revealing a mass peak at 4329.81 (+/- 1 .27 SD) which would correspond to the expected mass of pAP 1 -40 (theoretical 
55 MW of 4330.4). N-terminal sequencing of several of the A220 peaks was positive for pAP. The ELISA revealed the pAP 
sequence to be present in fractions 65, 70, 75 in addition to the major peak in fraction 77. Fractions 65 and 70 contained 
an additional sequence of a previously undescribed pAP fragment beginning at pAP residue 11 (Glu). In fraction 65, 
sufficient material was present to sequence through pAP residue 33. 
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[0118] Western Blot (Fig. 4) of RPLC fractions of 266-affinity purified nnaterial from HFBC-CM. 3 of tine indicated 
fractions were diluted with 1 5 ii\ of SDS-PAGE sample buffer and neutralized with 1 ^.i of 1 IVI NaOH before boiling and 
processing as described above. The nnaterial loaded in the respective lanes was as follows: 



Lane 


RPLC 




fraction 


■| 


65 


2 


70 


3 


71 


4 


74 


5 


75 


6 


77 


7 


78 


8 


79 


9 


83 


10 


84 


11 


85 



[0119] Lane 12 was buffer only; lane 13 contained 20 ng of |3AP 1-38; lane 14 contains 100 ng of pAP 1-38; lane 15 
contains low nnolecular weight Rainbow® standards (Annershann). Note the approxinnate 4 kD band in lane 6 which co- 
nnigrates with the pAP standard in lane 14. 

[0120] Parallel experinnents to those described for HFBC-CM were perfornned using 4 liters of hunnan CSF to struc- 
turally characterize the pAP immunoreactivity from this source. Sequencing data confirmed the presence of N-terminal 
sequences beginning with pAP residue 1 (Asp) and pAP residue 11 (Glu). 

[0121] The increase in pAP levels in the media of the Swedish transfectants was quantitated using the pAP-specific 
ELISA with monoclonal antibodies 266 and 6C6. The sandwich ELISAfor APPg used polyclonal antibodies B5 and 
B3. For each ELISA, increasing amounts of purified synthetic pAP-|.4o or purified APP3 from conditioned media of K293 
cells transfected with cDNA for the APP 695 isoform were used to construct a standard curve. Quantitation of pAP (left 
panel) and APPs (right panel) in conditioned media in the transiently transfected K293 cells is shown in Fig. 7. Each 
column represents the mean of four transfections with the exception of the mock column, which is based on three 
cultures. Error bars indicate the standard deviation. For columns without error bars, the standard deviation was less 
than 0.01 units. 

[0122] As shown in Fig. 7, cells expressing the Swedish variant APP 695 construct produced 6-7 fold more pAP in 
their media than identically transfected cells expressing normal APP (695 isoform). Moreover, a similar 7-8 fold increase 
was observed in cultures expressing the Swedish mutation in the APP 751 isoform (Fig. 7). Similar increases in pAP 
levels were documented using a second method of quantitation: phosphor imager analysis of the 4 kD pAP band in 
gels of 1280 immunoprecipitates. This method further demonstrated that the 3 kD fragment was decreased several 
fold in the media of the Swedish transfectants. CHO and K293 cells stably transfected with cDNA the Swedish mutation 
in the APP 751 isoform also showed marked increases in the levels of pAP in their cultured media. 
[0123] To study the mechanism responsible for the increased pAP production, the effects of each single mutation 
(Lys->Asn^Q^ and Met-Leu^^®) in the APP 695 isoform were separately examined. Fig. 8 shows conditioned media of 
radiolabeled K293 cells transiently transfected with no DNA (lane 1); normal APP (lane 2), Swedish mutant APP 695 
KM-NL (lane 3), variant APP 695 K-N (Iane4), variant APP 695 M-L (Iane5), APPAC (APP cytoplasmic domain deletion, 
lane 6) and APPAC KM-NL (Swedish mutations and cytoplasmic domain deletions, lane 7) and immunoprecipitated 
with 1280. ThepAP and 3 kD bands are indicated by arrows, ""^^i-iabeled synthetic pAP (1-40) was run as a size marker 
on the same gel (lane 8). Cells expressing the Met->Leu substitution had increased levels of pAP in their medium, 
whereas cells expressing the Lys->Asn substitution had levels similar to normal transfectants (Fig. 8, lanes 2-5). This 
finding suggests that the 596 mutation results in more proteolytic cleavage of APP at the Leu-Asp peptide bond than 
at the normal Met-Asp bond. It is possible that the Lys->Asn switch at 595 may further enhance the cleavage when 
coupled with the Met->Leu substitution at 596. 

[0124] Cells containing the Swedish mutation together with the deletion of the cytoplasmic domain of APP deletion, 
thus removing the Asn-Pro-X-Tyr lysosomal targeting consensus sequence, still produced substantially more pAP in 
their media than normal transfectants but showed increased levels of the 3 kD peptide (Fig. 8, lanes 6 and 7). This 
result indicates that the effect of the Swedish mutations does not require an intact cytoplasmic domain and that gen- 
eration of APP is unlikely to require processing of APP in late endosomes/lysosomes. 

[0125] These findings provide experimental evidence that point mutations in the APP gene found in FAD kindreds 
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can result directly in increased generation of pAP. Analysis of the Swedish nnutations dennonstrates the utility of nneas- 
uring pAP production in wfrofrom APP bearing a particular mutation (e.g., nnutations at residue 717 immediately fol- 
lowing the pAP region and those with in the (3AP region) as not only a route to elucidating the mechanism of accelerated 
p-amyloidosis in familial forms of AD, but also to the utility of APP variants in the methods of the present invention. 

5 [0126] Screening assays fortest compounds capable of inhibiting (3AP production in cell lines possessing the Swed- 
ish mutation were performed as follows. Two cell lines (human kidney cell line K293 and Chinese hamster ovary cell 
line (CHO) were stably transfected with gene for APP751 containing the double mutation Lys-651 -Met-652 to 
Asn651-Leu-652 (APP-751 numbering) commonly called the Swedish mutation using the method described in Citron 
et al. (1992) Nature 360:672-674. The transfected cell lines were designated as 293 751 SWE and CHO 751 SWE, 

10 and were plated in Corning 96 well plates at 2.5X10^ cells per well respectively in Dulbecco's minimal essential media 
plus 10% fetal bovine serum. Following overnight incubation at 37°C in an incubator equilibrated with 10% carbon 
dioxide (COg), the media were removed and replaced with 200 [i\ per well of media containing a test protease inhibitor. 
After a two hour pretreatment period, the media were again removed and replaced with fresh media containing the 
same protease inhibitor, and the cells were incubated for an additional two hours. 

15 [0127] Protease inhibitor stocks were prepared in DMSG such that at the final concentration used in the treatment, 
the concentration of DMSG did not exceed 0.5% After treatment, plates were centrifuged in a Beckman GPR at 1200 
rpm for five minutes at room temperature to pellet cellular debris from the conditioned media. From each well, 100 |xl 
of conditioned media were transferred into an ELISA plate precoated with antibody 266 against pAP-1 3-28 as described 
above and stored at 4°C overnight. An ELISA assay employing labelled antibody 6C6 (against pAP-1 -1 6) was run the 

20 next day to measure the amount of pAP produced. 

[0128] Cytotoxic effects of the compunds were measured by a modification of the method of Hansen et al. (1 989) J. 
Immun. Meth. 1 1 9:203-21 0. To the cells remaining in the tissue culture plate was added 25 [i\ of a3,(4,5-dimethylthiazol- 
2-yl)2,5-diphenyltetrazolium bromide (MTT) stock solution (5 mg/ml) to a final concentration of 1 mg/ml. Cells were 
incubated at 37°C for one hour, and cellular activity was stopped by the addition of an equal volume of MTT lysis buffer 

25 (20% w/v sodium dodecylsulfate in 50% DM F, pH 4.7). Complete extraction was achieved by overnight shaking at room 
temperature. The difference in the GD562nm ^he ODgsonm was measured in a Molecular Devices Uy^^^ microplate 
reader as an indicator of the cellular viability. 

[0129] The results of the pAP ELISA were fit to a standard curve and expressed as ng/ml pAP peptide. In order to 
normalize for cytotoxicity, these pAP results were divided by the MTT results and expressed as a percentage of the 
30 results from a drug-free control. 

[0130] The test compounds were assayed for pAP production inhibition activity in cells using this assay. The results 
presented in Tables IV and V, below, are the mean and standard deviation of at least six replicate assays. 



TABLE IV 



PAP Production Inhibition Activity in Cells 


Example 


pAP Production Inhibition 


41 


-6.2 ± 6.2% 


42 


13.1 ± 7.5% 


43 


16.2 ± 8.5% 


45 


3.3+ 1.1% 


48 


1.6 ± 19.8% 



TABLE V 



Test Compound 


pAP Production* Inhibition 


1 


37.5 ± 2.2% 


2 


53.4 ± 1 .4% 


3 


53.5 ± 1 .5% 


4 


57.4 + 3.1% 


5 


58.1 + 2.8% 


6 


65.4 + 3.9% 


7 


69.1 + 6.8% 


8 


77.5 + 6.0% 



* Negative test results are not shown in this Table. 
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TABLE V (continued) 



Test Connpound 


pAP Production* iniiibition 


9 


89.3 ± 7.7% 


10 


89.8 ±4.9% 


11 


11 0.3 ±3.3% 


12 


111.7± 9.1% 



' Negative test results are not shown in this Table. 



Claims 
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2. 



An in vitro method for identifying p-amyloid peptide (pAP)production inhibitors said method comprising culturing 
mammalian cells in a culture medium under conditions which result in production of a soluble pAP peptide which 
can be detected in the culture medium, wherein the cultured mammalian cells are from a cell line comprising DNA 
encoding an amyloid precursor protein (APP) isotype or variant which provides overproduction of pAP in the cul- 
tured mammalian cells; exposing the cultured cells to atest compound; and determining whetherthe test compound 
affects the amount of soiuble pAP peptide present in the culture medium. 

A method as claimed in claim 1 , wherein the effect of the test compound is determined by comparing the accumu- 
lation of pAP in the culture medium over a time period in the absence of the test compound with the accumulation 
of pAP in the culture medium in the presence of the test compound over the same time period. 



25 



An in vitro method for assaying a test compound for the ability to inhibit p-amyloid peptide (pAP) production by 
cells, said method comprising culturing a first population of mammaiian cells in a culture medium under conditions 
which resuit in generation of a soluble pAP peptide which can be detected in the culture medium, wherein the 
cultured mammalian cells are from a ceil line comprising DNA encoding an amyioid precursor protein (APP) isotype 
or variant which provides overproduction of pAP in the cultured mammalian ceils; culturing a second population 
of the same mammalian ceils in a second culture medium under identical conditions to the first population, except 
that the test compound is present in the second cuiture medium; measuring the amounts of soluble pAP present 
in the culture media of the first population and the second population of cells; and comparing the measured amounts 
of pAP to determine whether the test compound has had an effect on soluble pAP peptide generation by the 
cultured cells. 



35 



4. A method as claimed in any one of claims 1 to 3, wherein the cultured cells are from a human cell line. 



5. A method as claimed in any preceding claim, wherein the test compound is present at a concentration in the range 
1 nM to ImM. 



40 



45 



50 



6. A method for identifying p-amyloid (pAP) production inhibitors, said method comprising administering a test com- 
pound to a mammalian transgenic host comprising DNA encoding an amyloid precursor protein (APP) isotype or 
variant which provides overproduction of PAP in cultured mammalian cells comprising said DNA; and performing 
an in vitro determination of whether the test compound affects the amount of a soluble pAP peptide present in a 
body fluid. 

7. A method as claimed in claim 6, wherein the effect of the test compound is determined by measuring a baseline 
amount of soluble pAP peptide in a body fluid prior to administering the test compound and remeasuring the amount 
of soluble pAP in the body fluid after said administering. 

8. A method as claimed in claim 6 or claim 7, wherein the mammalian transgenic host is selected from the group 
consisting of monkeys, dogs, rabbits, guinea pigs, rats and mice. 



A method as claimed in any one of claims 6 to 8, wherein the mammalian transgenic host is a transgenic host 
having enhanced susceptibility to pAP plaque deposition compared to a mammal of the same species not com- 
prising said DNA. 



10. A method as claimed in any one of claims 6 to 9, wherein the body fluid is selected from the group consisting of 
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blood; CSF, urine and peritoneal fluid. 

11. A method as claimed in any one of claims 6 to 10, wherein the test compound is administered orally, topically, 
intramuscularly, intravenously, subcutaneously intraventricularly, or intraperitoneally. 

12. A method as claimed in any preceding claim, wherein the soluble pAP peptide Is intact pAP or an approximately 
3 kD fragment of (3AP. 

13. A method as claimed in claim 12, wherein the pAP fragment consists of amino acid residues 11-40 or 1 7-40 of pAP. 

14. A method as claimed in any preceding claim, wherein said DNA encodes an APP having one or several amino 
acid substitutions directly amino-terminal of the pAP cleavage site. 

1 5. A method as claimed in any preceding claim, wherein said DNA encodes an APP comprising leucine as the residue 
immediately amino N-terminal to pAP cleavage site. 

Patentanspruche 

1 . Ein in Wfro- Verf ah ren zur Identifizierung von Inhibitoren der p-Amyloldpeptid- (pAP)-Produktion, dieses Verfahren 
umfassend Kultlvlerung von Saugerzellen in einem Kulturmedium unter Bedingungen, die In der Herstellung eines 
loslichen pAP-Peptids resultieren, das im Kulturmedium nachgewiesen werden kann, wobei die kultivlerten Sau- 
gerzellen von einer Zelllinie sind, die DNA umfasst, die einen Isotyp oder eine Variante des Amylold-Vorlauferpro- 
teins (APP) kodiert, welches die Uberproduktion von pAP in den kultivlerten Saugerzellen bereitstellt; Aussetzen 
der kultivlerten Zellen einer Testverbindung; und Bestimmung, ob die Testverbindung die Im Kulturmedium vor- 
handene Menge des loslichen pAP-Peptids beeinflusst. 

2. Verfahren gemass Anspruch 1 , wobei der Einfluss der Testverbindung durch den Vergleich der Akkumulation von 
pAP im Kulturmedium uber einen Zeitraum in Abwesenheit der Testverbindung mit der Akkumulation von pAP Im 
Kulturmedium uber den gleichen Zeitraum In Anwesenheit der Testverbindung bestimmt wird. 

3. Ein in v/fro- Verfahren zur Analyse der Fahigkeit einerTestverblndung, die p-Amyloidpeptid-Produktion durch Zellen 
zu Inhibieren, dieses Verfahren umfassend Kultlvlerung einer ersten Population Saugerzellen in einem Kulturme- 
dium unter Bedingungen, die In der Erzeugung eines loslichen pAP-Peptids resultieren, das im Kulturmedium 
nachgewiesen werden kann, wobei die kultivlerten Saugerzellen von einer Zelllinie sind, die DNA umfasst, die 
einen Isotyp oder eine Variante des Amyloid-Vorlauferproteins (APP) kodiert, welches die Uberproduktion von pAP 
in den kultivlerten Saugerzellen bereitstellt; Kultlvlerung einer zweiten Population der gleichen Saugerzellen in 
einem zweiten Kulturmedium unter identischen Bedingungen zur ersten Population, ausser dass die Testverbin- 
dung Im zweiten Kulturmedium vorliegt; Messung der in den Kulturmedien der ersten und zweiten Zellpopulation 
vorhandenen Mengen des loslichen pAP; und Vergleich der gemessenen Mengen von pAP, um zu bestimmen, ob 
die Testverbindung einen Einfluss auf die Erzeugung von losllchem pAP-Peptid durch die kultivlerten Zellen gehabt 
hat. 

4. Verfahren gemass einem der Anspruche 1-3, wobei die kultivlerten Zellen von einer humanen Zelllinie sind. 

5. Verfahren gemass einem der vorausgehenden Anspruche, wobei die Testverbindung in einer Konzentration Im 
Bereich von 1 nM bis 1 mM vorliegt. 

6. Ein Verfahren zur Identlfikation von Inhibitoren der p-AmyloldpeptId- (pAP)-Produktion, dieses Verfahren umfas- 
send Verabrelchung einerTestverblndung an einen transgenen Saugerwirt, der DNA umfasst, die einen Isotyp 
Oder eine Variante des Amyloid-Vorlauferproteins (APP) kodiert, welches die Uberproduktion von pAP in kultivler- 
ten Saugerzellen, die diese DNA umfassen, bereitstellt; und Durchfuhrung einer in v/fro-Bestimmung, ob die Test- 
verbindung die Menge des in einer Korperflussigkeit vorhandenen loslichen pAP-Peptids beeinflusst. 

7. Verfahren gemass Anspruch 6, wobei der Einfluss der Testverbindung durch die Messung einer Grundlinienmenge 
loslichen pAP-Peptlds In einer Korperflussigkeit bestimmt wird, vor der Verabreichung der Testverbindung und der 
erneuten Messung der Menge loslichen pAP-Peptids in der Korperflussigkeit nach dieser Verabreichung. 
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8. Verfahren gemass Anspruch 6 oder Anspruch 7, wobei der transgene Saugerwirt ausgewahit ist aus der Gruppe 
bestehend aus Affen, Hunden, Kaninchen, Meerschweinchen, Ratten und Mausen. 

9. Verfahren gennass einenn der Anspruche 6 bis 8, wobei der transgene Saugerwirt ein transgener Wirt ist, der 
verstarl<te Anfalligkeit gegenuber (3AP Plaqueablagerung besitzt, vergliclien mit einenn Sauger der gleiclnen Art, 
der diese DNA niclit unnfasst. 

10. Verfalnren gennass einenn der Ansprucine 6 bis 9, wobei die K6rperflussigl<eit ausgewalnit ist aus der Gruppe be- 
stehend aus Blut, ZSF, Urin und peritonealer Flussigkeit. 

11. Verfahren gennass einenn der Anspruche 6 bis 10, wobei die Testverbindung oral, topisch, intrannuskuiar, intrave- 
nos, subkutan, intraventrikular oder intraperitoneal verabreicht wird. 

12. Verfahren gennass einenn der vorausgehenden Anspruche, wobei das losliche pAP-Peptid intaktes (5AP oder ein 
ungefahrS kD-Fragnnent von (3AP ist. 

13. Verfahren gennass Anspruch 12, wobei das (3AP-Fragnnent aus Anninosaureresten 11-40 oder 17-40 von (3AP be- 
steht. 

14. Verfahren gennass einenn der vorausgehenden Anspruche, wobei diese DNA ein APP kodiert, das eine oder nneh- 
rere Anninosauresubstitutionen direkt anninoternninal von der (3AP-Spaltungsstelle besitzt. 

15. Verfahren gennass einem der vorausgehenden Anspruche, wobei diese DNA ein APP kodiert, das Leucin als Rest 
unnnitteibar anninoternninal vor der pAP-Spaltungssteile unnfasst. 



Revendications 

1. Procede in vitro destine a identifier des inhibiteurs de la production de peptide p-annyloide (pAP), ledit precede 
comprenant la culture de cellules de mammifere dans un milieu de culture dans des conditions aboutissant a la 
production d'un peptide pAP soluble qui peut etre detecte dans le nnilieu de culture, les cellules de nnannnnifere en 
culture etant issues d'une lignee cellulaire connprenant I'ADN codant un isotype du precurseur de la proteine anny- 
loide (APP) ou une forme variante de celui-ci qui est responsable d'une surproduction de pAP dans les cellules 
de mannmifere en culture ; I'exposition des cellules en culture a un compose test ; et la determination du fait que 
le compose test affecte ou non la quantite de peptide pAP soluble present dans le milieu de culture. 

2. Procede selon la revendication 1 , dans lequel I'effet du compose test est determine en comparant I'accumulation 
de pAP dans le milieu de culture pendant une periode de temps en I'absence du compose test avec I'accumulation 
de pAP dans le milieu de culture en presence du compose test pendant la meme duree. 

3. Procede in vitro destine a tester I'aptitude d'un compose test a inhiber la production de peptide p-amyloTde (pAP) 
par des cellules, ledit procede comprenant la culture d'une premiere population de cellules de mammifere dans 
un milieu de culture dans des conditions aboutissant a la production d'un peptide pAP soluble qui peut etre detecte 
dans le milieu de culture, les cellules de mammifere en culture provenant d'une lignee cellulaire comprenant I'ADN 
codant un isotype du precurseur de la proteine amyloTde (APP) ou une forme variante de celui-ci qui est respon- 
sable d'une surproduction de pAP dans les cellules de mammifere en culture ; la culture d'une seconde population 
des memes cellules de mammifere dans un second milieu de culture dans des conditions identiques a la culture 
de la premiere population, si ce n'est que le second milieu de culture contient le compose test; la mesure de la 
quantite de pAP presente dans le milieu de culture de la premiere population et de la seconde population de 
cellules ; et la comparaison des quantites de pAP mesurees afin de determiner si le compose test a le meme effet 
sur la production de peptide pAP soluble par des cellules en culture. 

4. Procede selon I'une quelconque des revendications 1 a 3, dans lequel les cellules en culture proviennent d'une 
lignee cellulaire humaine. 

5. Procede selon I'une quelconque des revendications precedentes, dans lequel le compose test est present a une 
concentration comprise entre 1 nM et 1 mM. 
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. Procede destine a identifier des inhibiteurs de la production du peptide p-annyloVde (pAP), ledit precede comprenant 
■'administration d'un compose test a un hote transgenique mammifere possedant I'ADN codant un isotype du 
precurseurde la proteineamyloi"de(APP) ou uneforme variantedecelui-ci qui est responsabled'unesurproduction 
de pAP dans les cellules de mammifere en culture possedant ledit ADN ; et la determination in vitro du fait que le 
compose test affecte ou non la quantite de peptide pAP soluble present dans un liquide corporel. 

. Procede selon la revendication 6, dans lequel I'effet du compose test est determine en mesurant une quantite de 
base du peptide pAP soluble dans un liquide corporel avant I'administration du compose test et en dosant a nou- 
veau la quantite de pAP dans le liquide corporel apres ladite administration. 

. Procede selon I'une quelconque des revendications 6 ou 7, dans lequel I'hote mammifere transgenique est selec- 
tionne au sein du groupe constitue par le singe, le chien, le lapin, le cobaye, le rat et la souris. 

. Procede selon I'une quelconque des revendications 6 a 8, dans lequel I'hote mammifere transgenique est un hote 
transgenique presentant une predisposition accrue au depot de plaque de pAP par comparaison a un mammifere 
de la memo espece qui ne possede pas ledit ADN. 

0. Procede selon I'une quelconque des revendications 6 a 9, dans lequel ledit liquide corporel est choisi parmi le 
groupe constitue par le sang, le CSF, I'urine et le liquide peritoneal. 

1 . Procede selon I'une quelconque des revendications 6 a 1 0, dans lequel ledit compose test est administre par vole 
orale, topique, intramusculaire, intraveineuse, souscutanee, intraventriculaire ou intraperitoneale. 

2. Procede selon I'une quelconque des revendications precedentes, dans lequel le pAP soluble est le pAP intact ou 
un fragment du pAP d'approximativement 3 kD. 

3. Procede selon la revendication 12, dans lequel le fragment de pAP est constitue des acides amines 11 a 40 ou 
1 7 a 40 du pAP 

4. Procede selon I'une quelconque des revendications precedentes, dans lequel ledit ADN code un APP portant une 
ou plusieurs substitutions d'acides amines directement a I'extremite amino-terminal du site de clivage du pAP. 

5. Procede selon I'une quelconque des revendications precedentes, dans lequel ledit ADN code un APP contenant 
une leucine en tant que residu en position immediatement amino N-terminal du rapport au site de clivage du pAP. 
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CONTROL AD 

FIG. 2 A. 




CONTROL AD 

FIG, 2B. 
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